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(54) Process and apparatus for introducing a solid into a reactor. 

(57) The present invention relates to a process 
and an apparatus for introducing a solid into a 
reactor (14) with the help of a feed enclosure (7) 
connected to the reactor through an injection 
pipe (10). The process comprises (a) introduc- 
ing the solid into the feed enclosure wherein 
most of the solid settles at rest and then (b) 
introducing a gas (8) into the feed enclosure so 
that the solid is suspended by the gas to form a 
solid suspension entrained in a dilute-phase 
conveying system by the gas into the reactor 
through the injection pipe. The invention is 
particularly useful for introducing a solid catal- 
yst into a gas-phase polymerisation reactor. 
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The present invention relates to a process for in- 
troducing a solid into a reactor and to an apparatus 
allowing the process to be carried out 

From US Patent 4,082,513 it is known to intro- 
duce a solid catalyst into a reactor with the aid of an 
apparatus consisting essentially of an introduction 
enclosure connected to the reactor through the inter- 
mediacy of an injection conduit The catalyst is first of 
all introduced into the introduction enclosure which is 
then pressurized by an introduction of gas. The cata- 
lyst is next introduced into the injection conduit, in 
which it is fluidized as far as the reactor entry by 
means of another introduction of gas. The latter is 
performed by a pipe which emerges directly into the 
injection conduit During the introduction of gas into 
the introduction enclosure, the catalyst may be com- 
pacted and this can make its introduction into the in- 
jection conduit difficult. Furthermore, this process 
has the disadvantage of requiring two different intro- 
ductions of gas, thereby causing a considerable intro- 
duction of gas into the reactor. 

European Patent Application No. 0 101 098 dis- 
closes a process for conveying a particulate solid fuel 
from a container successively into a hopper and a 
vessel, and then into a reactor with the help of a pneu- 
matic transport. However, a fluidisation gas is used 
for maintaining the solid fuel in a f luidised state in the 
container, the hopper and the vessel, and a carrier 
gas is used for conveying the solid fuel from the ves- 
sel into the reactor through the pneumatic transport 

French Patent Application No. 2 562 077 disclo- 
ses a process and an apparatus for introducing a 
powdery catalyst into a f luidised bed reactor for a gas 
phase polymerisation of olefins. However, the powd- 
ery catalyst is conveyed into the reactor in a "plug 
flow" or "packed bed" mode, i.e. in a dense-phase 
conveying system particularly in horizontal line orien- 
tations. 

A process for introducing solid into a reactor, 
which preferably may be under a relatively high pres- 
sure, has now been found, in the course of which the 
solid is not compacted as in known processes using 
a dense-phase conveying system. Furthermore, it re- 
quires only a single introduction of gas. The process 
permits a good entry of the solid into the reactor as 
well as very good dispersion of the solid in the reactor, 
particularly when a gas phase reactor such as a f lui- 
dised bed reactor is used. In that case, if the reaction 
occuring in the reactor is exothermic, the use of the 
process of the present invention makes it possible to 
reduce or to eliminate hot spots in the reactor. 

The subject of the invention is a process for intro- 
ducing a solid into a reactor with the aid of a feed en- 
closure connected to the reactor through an injection 
pipe, characterised in that the process comprises: 

(a) introducing the solid into the feed enclosure 
wherein most of the solid settles at rest, and then 

(b) introducing a gas into the feed enclosure so 



that the solid initially at rest is suspended by the 
gas in the feed enclosure to form a suspension of 
the solid entrained in a dilute-phase conveying 
system by the gas from the feed enclosure into 

5 the reactor through the injection pipe. 

During the first stage of the process, the solid is 
introduced into a feed enclosure. The introduction of 
solid is preferably performed through the upper part 
and in most cases through the top of the feed endo- 

10 sure. The solid may be delivered into the feed enclo- 
sure by a pneumatic transport through a gas/solid 
separator e.g. a cyclone or by a storage vessel 
through a delivery means e.g. a feed valve or a rotary 
valve. More particularly, the solid may be delivered by 

15 a gravity flow into the feed enclosure, e.g. from the 
upper part or the top of the feed enclosure to the bot- 
tom of the said feed enclosure. During this stage the 
feed enclosure may contain an initial gas under pres- 
sure e.g. from 0.1 to 5 MPa. The initial gas is generally 

20 an inert gas such as nitrogen. When the process of 
the invention is used sequentially, i.e. in an introduc- 
tion sequence mode, the gas initially present in the 
feed enclosure during the first stage is the gas re- 
maining in the feed enclosure at the end of the second 

25 stage of the preceding introduction sequence. The 
feed enclosure generally has a volume which is great- 
er than the volume of solid introduced and which rep- 
resents advantageously from 2 to 20, preferably from 
3 to 1 0 times the volume of solid introduced. The vol- 

30 ume is chosen so as to make it easily possible to sus- 
pend the solid in the gas during the second stage of 
the process. 

During the first stage most of the solid introduced 
into the feed enclosure seetles at rest in the feed en- 

35 closure, particularly by a gravity flow in the lower part 
of the feed enclosure e.g. on the bottom surface of the 
feed enclosure. Most of the solid lies in the feed en- 
closure in order to be capable of being suspended in 
gas during the second stage of the process. In partic- 

40 ular, it is highly desired that the solid does not flow, 
for example under gravity, in a large quantity extern- 
ally to the feed enclosure e.g. into the injection pipe 
connecting the feed enclosure with the reactor. Very 
advantageously, more than 50 % and more particu- 

45 larly more than 75 % by weight of the solid introduced 
should settle at rest in the feed enclosure. However 
a minor amount of the solid may settle externally to 
the feed enclosure e.g. in the injection pipe. 

During the second stage of the process, the solid 

so initially at rest for the most part in the feed enclosure 
is conveyed into the reactor through the injection 
pipe. A gas is introduced into the feed enclosure con- 
taining the solid at rest When the reactor is under a 
relatively high pressure, the injection pipe is generally 

55 provided with an entry means e.g. an entry valve, 
which is opened in order to bring the feed enclosure 
into communication with the reactor via the injection 
pipe. When the desired amount of the solid is intro- 
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duced into the reactor, the entry means may prefer- 
ably be closed until the next sequence of the solid in- 
troduction, particularly if the content of the reactor re- 
acts or interacts with the solid. The introduction of 
gas in the feed enclosure may be carried out by the 5 
opening of a valve and is advantageously performed 
continuously during all the second stage, particularly 
at least from the time when the entry means is 
opened to the end of the introduction of the solid into 
the reactor. For this purpose the opening of the entry 10 
means can be performed simultaneously with the be- 
ginning of the introduction of the gas e.g. the opening 
of a gas introduction valve, or afterwards, preferably 
immediately after, e.g. less than 1 second or from 1 
to 5 seconds after the beginning of the introduction of is 
the gas. The opening of the entry means is advanta- 
geously control-driven using the beginning of the in- 
troduction of the gas into the feed enclosure or the 
opening of the gas introduction valve. 

The introduction of the gas may be performed in 20 
any part of the feed enclosure, preferably in the upper 
part of the feed enclosure and in most cases in the up- 
permost part Furthermore, it is preferably performed 
above the upper level of the solid settled at rest in the 
feed enclosure, especially in order to prevent plug- 25 
ging of the gas feed conduit According to the inven- 
tion during the major part of the second stage a flow 
of the gas is preferably continuously generated from 
the point of introduction of the gas in the feed enclo- 
sure to the reactor through the injection pipe. The in- 30 
traduction of the gas into the feed enclosure and its 
flow in the feed enclosure are such that the solid ini- 
tially at rest in the feed enclosure is suspended by the 
gas to form a suspension of the solid in the gas. The 
solid suspension is then entrained in a dilute-phase 35 
conveying system by the gas from the feed enclosure 
into the reactor through the injection pipe. In practice, 
it is found according to a particularly aspect of the in- 
vention that the gas is introduced and flows in the 
feed enclosure in a manner e.g. in a direction which 40 
produces a swirling action of the gas in the feed en- 
closure suitable for suspending the solid in the gas, 
preferably as soon as the gas begins being intro- 
duced. It has been noted that the swirling of solid is 
very advantageously promoted when the introduction 45 
of gas is performed tangentially to a wall of the feed 
enclosure. This wall is preferably vertical. The swirl 
effect assists in suspending in the gas flow the solid 
initially settled in the feed enclosure to form a suspen- 
sion of the solid in the gas, in diluting and homoge- 50 
nizing the solid in the suspension to form a uniform 
flow regime. The dilution of the solid by the gas is 
generally such that from 1 to 20 kg, preferably 2 to 15 
kg, especially from 5 to 10 kg of solid are introduced 
into the feed enclosure per m3 of gas. The type of the 55 
flow of the solid suspension in the feed enclosure and 
the injection pipe is equivalent to a dilute-phase con- 
veying system such as defined by N.P. CHE REM I- 



SINOFF and P.N. CHEREMISINOFF in "Hydrody- 
namics of Gas-Solids Fluidization" (1984) edited by 
Gulf Publishing Company, Houston, Texas (USA), 
chapter 12 ("Considerations in Pneumatic Transport") 
from page 543 to page 570, and more particularly 
may correspond to the conveying system of the zone 
1 in Figures 12-12 and 12-13 at pages 564 and 565. 
The flow regime of the solid suspension in the injec- 
tion pipe, particularly in horizontal line orientations, is 
observed in the present dilute-phase transport at a 
gas velocity above the "saltation velocity". The "salt- 
ation velocity" is defined as the minimum velocity 
which will prevent solid deposition on the floor of the 
pipe. At gas velocities above saltation, the solid flow 
appears dispersed and greatly resembles the uni- 
form flow regime observed in vertical ascending 
flows. That is, the solid is suspended and moves 
along with the gas, and for the most part is uniformly 
distributed across the pipe. In this regime the pres- 
sure drop increases with increasing gas velocity. The 
gas velocity in the injection pipe is preferably equal to 
or higher than the "pickup velocity" which is closely 
related to the "saltation velocity" and is defined as be- 
ing the fluid velocity required to resuspend a solid ini- 
tially at rest on the bottom of a pipe. An extensive re- 
view of "saltation velocity" can be found in P.J. 
JONES and L.S. LEUNG, "A Comparison of Correla- 
tions for Saltation Velocity in Horizontal Pneumatic 
Conveying" in Ind. Eng. Chem. Proc. Des. Dev., 17, 
p. 571 (1978). Furthermore, in the process of the 
present invention, it is unnecessary to carry out an 
additional introduction of gas directly into the injec- 
tion pipe in order to facilitate the flow of the solid. 

The gas introduced into the feed enclosure is 
generally introduced at a pressure higher than the 
pressure in the reactor, e.g. a pressure of 0.05 to 1.5 
MPa, preferably 0.1 to 1.0 MPa higher than the pres- 
sure in the reactor. In particular, the pressure of the 
gas introduced into the feed enclosure is from 0.1 to 
5 MPa, while the pressure in the reactor may be from 
0.15 to 6.5 MPa, preferably from 0.2 to 6 MPa. The 
gas is preferably inert towards the solid and, in par- 
ticular, may be nitrogen. 

Generally, as long as the introduction of the 
whole amount of the solid into the reactor is not fin- 
ished, the gas pressure in the feed enclosure is pre- 
ferably maintained higher than the pressure prevail- 
ing in the reactor and is practically maintained con- 
stant, bearing in mind the continuous introduction of 
gas during the second stage of the process. At the 
end of the introduction of the whole amount of the sol- 
id into the reactor it is preferred that the gas pressure 
does not become identical with or lower than that pre- 
vailing in the reactor, in order to avoid a possible back- 
flow of the gas from the reactor towards the feed en- 
closure through the injection pipe. 

At the end of the second stage, when the intro- 
duction of solid into the reactor is finished, the entry 
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means may be closed. This closure may be per- 
formed simultaneously with or preferably immediately 
after the end of the introduction of solid into the reac- 
tor, in order to limit the quantity of gas introduced into 
the reactor. Furthermore, the introduction of gas into 
the feed enclosure is also stopped. Stopping the gas 
may be performed simultaneously with the closure of 
the entry means or immediately after, e.g. less than 
1 second or from 1 to 5 seconds after the closure of 
the entry means. The end of the introduction of gas 
into the feed enclosure is advantageously control- 
driven using the closing of the entry means. 

The duration of the second stage of the process 
may be very fast and can be less than 1 second or 
from 1 to 1 0 seconds, e.g. from 3 to 5 seconds. 

The two stages of the process may constitute a 
sequence for introducing a measured quantity of solid 
into the reactor i.e. a sequential operation. An intro- 
duction sequence may be very fast and may last less 
than 1 second, advantageously from 1 to 20 seconds 
e.g. from 5 to 10 seconds in industrial plants. In order 
to introduce a larger quantity of solid into the reactor, 
the introduction sequence may be repeated a number 
of times, this being done at regular intervals. In par- 
ticular, from 4 to 120 e.g. from 5 to 90 introduction se- 
quences may be carried out per hour. 

With reference to Figure 1 another object of the 
invention is an apparatus for introducing a solid into 
a reactor (14) preferably under a relatively high pres- 
sure, the apparatus consisting essentially of a feed 
enclosure (7) comprising: 

- a means (4) for introducing the solid into the 
feed enclosure (7), 

- an outlet (9) connected to the reactor (14) 
through an injection pipe (10), 

- a means (11) making it possible to avoid a grav- 
ity flow of most of the solid present in the feed 
enclosure (7) into the injection pipe (10), and 

- an inlet of a gas introduction conduit (8) making 
it possible to suspend in the gas the solid set- 
tled at rest in the feed enclosure (7) to form a 
solid suspension entrained by the gas through 
the injection pipe (10) into the reactor (14). 

The apparatus may include a storage enclosure 
(1) which may be of a vertical cylindrical shape and 
the lowest part (2) of which may advantageously be 
of a conical shape oriented downwards. In industrial 
plants it may have in most cases a relatively high vol- 
ume to feed the reactor with solid for a period ranging 
from 0.5 to 5 days. It may be advantageously provided 
with an agitating system for solid in order to avoid the 
formation of solid agglomerates. Furthermore, it may 
be kept under the atmosphere of an inert gas. 

The means (4) for introducing solid into the feed 
enclosure (7) may consist essentially of a rotary valve 
comprising a cavity (5) which can communicate alter- 
nately with the lowest part (2) of the storage enclosure 
(1) and with the top (6) of the feed enclosure (7). The 



rotary valve (4) may be one of the rotary valves de- 
scribed in French Patent Applications No. 2,562,077 
and No. 2.587,081. 

The feed enclosure (7) may advantageously com- 

5 prise a vertical cylindrical upper part adjacent to a 
conical lower part oriented downwards. The gas intro- 
duction conduit (8) preferably may have a gas intro- 
duction valve (1 5) and may emerge at the top or near 
the top of the feed enclosure (7). In a highly advanta- 

10 geous manner the inlet of the gas introduction conduit 
(8) in the feed enclosure (7) is arranged, e.g. oriented, 
in a such way that the solid settled at rest in the feed 
enclosure (7) is suspended in the gas by a swirling ef- 
fect in the feed enclosure (7). Thus, the gas introduc- 

15 tion conduit (8) preferably emerges tangentially to a 
wall of the feed enclosure (7), e.g. to a vertical wail 
such as the vertical wall of the cylindrical part of the 
feed enclosure. The feed enclosure (7) is preferably 
located below the storage enclosure (1 ). The feed en- 

20 closure (7) may be provided with a means for purging 
gas, such as a purge conduit. 

The apparatus preferably include an entry 
means (13) when the reactor operates under a rela- 
tively high pressure. The entry means (13), when 

25 open, makes it possible to bring the feed enclosure (7) 
and the reactor (14) into communication via the injec- 
tion pipe (10). On the contrary, when close, it makes 
its possible to isolate the feed enclosure (7) from the 
reactor (14). The entry means (13) is preferably ar- 

30 ranged in the injection pipe (10), preferably at the end 
of the injection pipe, just before its opening in the re- 
actor (14). It also may be the means (11) which makes 
it possible to avoid a flow of most of the solid into the 
injection pipe (10). For example, the entry means (1 3) 

35 may be a fast speed full-flow valve or a blow off valve. 
The injection pipe (10) connects the reactor (14) 
with the outlet (9) of the feed enclosure, preferably sit- 
uated in its lower part and in particular in its lowest 
part. When the lower part of the feed enclosure con- 

40 sists of a downwards oriented cone, the injection pipe 
(10) is advantageously connected to the apex of this 
cone. The length of the injection pipe (10) is generally 
as short as possible. It may open into the reactor (14) 
in a direction which may be perpendicular or substan- 

45 tially perpendicular to the wall of the reactor, or in 
downwards direction which may form with the hori- 
zontal plane an angle from 0 to 60°, preferably from 
1 0 to 45°. It preferably does not enter the reactor (14), 
in order not to perturb its operation. The injection pipe 

so (10) is preferably designed for providing a dilute-pha- 
se conveying system working preferably under rela- 
tively high pressure e.g. from 0.1 to 5 MPa with a solid 
generally consisting of very fine particles e.g. with a 
mean diameter from 5 to 200 or 1 0 to 1 20 microns. In 

55 these particular conditions, the internal diameter of 
the injection pipe (10) may be in the range from 5 to 
25 mm, preferably from 5 to 15 mm. 

The apparatus includes a means (11) which 
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makes it possible to avoid, preferably as much as pos- 
sible, a gravity flow of most of the solid present in the 
feed enclosure (7) into the injection pipe (10). The 
means (11) is preferably situated in the injection pipe 
(10) in the proximity, preferably immediate proximity 5 
of the outlet (9) of the feed enclosure (7). It is prefer- 
ably located in a such way that its connects the outlet 
(9) of the feed enclosure with the injection pipe (10). 
The means (11) may be a valve e.g. the entry valve 
(12). The means (11) may also consists of a bend pre- 1 o 
ferably situated just at the outlet (9) of the feed enclo- 
sure (7) and connected to the injection pipe (10). The 
angle of the bend (11) depends to a large extent on 
the ability of the solid to flow by gravity in the injection 
pipe. The more easily the solid flows by gravity, the 15 
smaller is the angle chosen. The angle of the bend 
may generally be from 70 to 120° and is in most cases 
about 90°. 

The apparatus may advantageously include a 
control system which makes it possible to control-dri- 20 
ve the opening of the entry means (12) using the be- 
ginning of the introduction of the gas into the feed en- 
closure (7) and/or which makes it possible to control- 
drive the end of the introduction of the gas using the 
closure of the entry means (12). 25 

The reactor (1 4) may be a gas phase reactor such 
as a fluidized bed and/or a mechanically stirred bed 
reactor. It may be under pressure, especially of from 
0.1 to 5 MPa. The reactor may be used for polymer- 
ising olefins. 30 

The present invention makes it possible to intro- 
duce into a reactor, in particular under a relatively high 
pressure, a solid in suspension in gas. It is particularly 
advantageous for introducing a solid which has rela- 
tively poor flow properties. A test for determining the 35 
flowability of a powder is described in EP-A- 0 275 
675. The present invention is particularly useful for a 
powder which can flow freely in a hopper similar to 
those described in EP-A-0 275 675, especially in a 
hopper having the following features : the bottom 40 
opening diameter of 5 mm, the top opening diameter 
of 40 mm and the height of 67.5 mm. Furthermore, the 
present invention is highly recommended for intro- 
ducing small quantities of solid into a reactor. In par- 
ticular, it is possible to introduce from 1 to 100, in most 45 
cases from 1 to 50 g e.g. from 10 to 50 g of solid per 
injection sequence. The solid may be a powder con- 
sisting of fine or very fine particles having a mass- 
mean diameter of 5 to 200 microns, preferably 10 to 
1 20 microns, especially 20 to 1 00 microns or 50 to 1 00 50 
microns. The solid may have a bulk density of 0.1 to 
0.4 g/cm3, e.g. 0.2 to 0.4 g/cm3. When the solid con- 
sists of fine or very fine particles e.g. having a mass- 
mean diameter of 5 to 200 microns, especially 10 to 
120 microns, it is particularly observed that in hori- 55 
zontal line orientations the "saltation velocity" of the 
solid suspension flowing in the injection pipe of the 
present invention is generally in the range from 1 to 



10 m/sec about, especially from 1 to 7 m/sec. In these 
conditions, the velocity of the gas flowing in the injec- 
tion pipe to form a dilute-phase conveying system 
with a uniform flow regime must be higher than the 
"saltation velocity", i.e. is preferably comprised be- 
tween 1 and 50 m/sec, especially in the range from 5 
to 30 m/sec 

The solid may be a catalyst for a chemical reac- 
tion and in particular for an olefin polymerization re- 
action such as, for example, a catalyst of Ziegler-Nat- 
ta type or a catalyst based on chromium oxide activat- 
ed by thermal treatment, or a pre polymer containing 
one of these catalysts. 

Figure 1 shows diagrammatically an apparatus 
according to the invention. It consists of a storage en- 
closure (1 ) consisting of a vertical cylinder adjacent to 
a truncated cone in its lower part having at its virtual 
apex an angle a. The bottom of the storage enclosure 
is connected to the top of an introduction chamber (3) 
containing a rotary valve (4) comprising a cavity (5). 
The bottom of the introduction chamber (3) is con- 
nected to the entry (6) of a feed enclosure (7) equip- 
ped with a gas introduction conduit (8) provided with 
a valve (15). The feed enclosure (7) comprises a cyl- 
indrical upper part (7) adjacent to a conical lower part 
which ends with an outlet (9). The outlet (9) of the 
feed enclosure is connected to a reactor (14) through 
an injection pipe (10) which is provided with a blow off 
valve (12) and a relief valve (13) and which opens into 
the reactor (14). The injection pipe (10) comprises a 
bend (11) having an angle of 90°, adjacent to the out- 
let (9). 

Figure 2 shows a section of the rotary valve (4) com- 
prising a cavity (5) which has a large opening angle 
A. 

Figure 3 shows a cross-section along line A-A of 
Figure 1, of the introduction enclosure (7) which 
shows that the gas introduction conduit (8) opens into 
the feed enclosure (7) tangentially to the vertical wall 
of the cylindrical part of the enclosure. 

The following example illustrates the present in- 
vention. 

Example 

The operation was carried out with an apparatus 
identical to that shown in Figures 1, 2 and 3. The angle 
a of the virtual apex of the truncated cone (2) of the 
storage enclosure (1) was 60°. The dimensions of the 
rotary valve (4) were : D = 44 mm, d1 = 25 mm, d2 15 
mm, hi = 3.9 mm, h3 = 4.3 m and the opening angle 
A = 37.3°. As a result, the volume of the cavity (5) of 
the rotary valve was 6 cm3. 

The feed enclosure (7) consisted of a cylindrical 
part which had a diameter of 25 mm and a height of 
54 mm, and of a conical part which had a height of 15 
mm and which ended with an outlet (9) having a di- 
ameter of 8 mm. The volume of the feed enclosure (7) 
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was 30 cm3. The injection pipe (10) had an internal 
diameter of 8 mm and a length of 2 m. The connection 
between the outlet (9) and the injection pipe (10) con- 
sisted of a bend (11) which had an angle of 90°. 

The solid used in the present apparatus was a 5 
Ziegler-Natta catalyst identical to the solid (S) pre- 
pared in Example 1 of EP-A- 0 529 977, apart from 
the fact that it used a silica powder sold by JOSEPH 
CROSFIELD AND SONS (Great Britain) under the 
trade designation "ES 70" R instead of the silica pow- 10 
der "SG 332" R from GRACE. The catalyst consisted 
of solid particles having a mean diameter of 40 mi- 
crons and a bulk density of 0.32 g/cm3 and charac- 
terised by the above-mentioned flowability test 
wherein the catalyst flew freely through the hopper in 15 
2 minutes and 30 ± 10 seconds. 

The catalyst was introduced into a f luidised bed 
reactor (14) identical to those described in the Figure 
of EP-A-0 529 977 wherein a gas phase polymerisa- 
tion of ethylene was carried out. 20 

The introduction of the catalyst was carried out 
into the fluidised-bed reactor (14) maintained at a 
pressure of 2 MPa. 2.5 g of the catalyst were intro- 
duced into the feed enclosure (7) at a nitrogen pres- 
sure of 2.5 MPa, the cavity (5) of the rotary valve (4) 25 
being brought into communication with the storage 
enclosure (1) and then with the feed enclosure (7). 
This introduction having been completed, nitrogen 
was introduced by opening the valve (15) through the 
gas introduction conduit (8), originating from a source 30 
which was at a pressure of 2.7 MPa. The relief valve 
(13) was permanently opened. Simultaneously to the 
opening of the valve (15), the blow off valve (12) was 
opened. The introduction and the circulation of nitro- 
gen in the feed enclosure (7) made it possible to sus- 35 
pend and to entrain the catalyst in the stream of ni- 
trogen and to create a swirling of catalyst particles 
which were then conveyed into the reactor through 
the injection pipe (10) in a dilute-phase conveying 
system. The "saltation velocity" of the catalyst sus- 40 
pension in the injection pipe (10) was about 2 m/sec, 
and the velocity of nitrogen was about 1 0 m/sec in the 
injection pipe (10). As soon as the catalyst was intro- 
duced into the reactor (14) the blow off valve (12) was 
closed, and simultaneously the valve (15) was closed. 45 
The introduction sequence lasted 1 second and was 
repeated 10 times per hour. 
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1 . Process for introducing a solid into a reactor with 
the help of a feed enclosure connected to the re- 
actor through an injection pipe, characterised in 
that the process comprises: 55 
(a) introducing the solid into the feed enclosure 
wherein most of the solid settles at rest, then (b) 
introducing a gas into the feed enclosure so that 



the solid initially at rest is suspended by the gas 
in the feed enclosure to form a suspension of the 
solid entrained in a dilute-phase conveying sys- 
tem by the gas from the feed enclosure into the 
reactor through the injection pipe. 

2. Process according to Claim 1, characterised in 
that the gas is introduced into the feed enclosure 
so that a swirling action of the gas is produced in 
the feed enclosure suitable for suspending the 
solid in the gas. 

3. Process according to Claim 1 or 2, characterised 
in that more than 50 % by weight of the solid in- 
troduced settles at rest in the feed enclosure. 

4. Process according to any one of Claims 1 to 3, 
characterised in that the introduction of the gas 
is performed above the upper level of the solid 
settled at rest in the feed enclosure. 

5. Process according to any one of Claims 1 to 4, 
characterised in that the injection pipe is provided 
with an entry means, and the opening of the said 
entry means bringing the feed enclosure into 
communication with the reactor via the injection 
pipe is performed simultaneously with or imme- 
diately after the beginning of the introduction of 
the gas into the feed enclosure. 

6. Process according to any one of Claims 1 to 5, 
characterised in that the injection pipe is provided 
with an entry means, and the closure of the said 
entry means isolating the feed enclosure from 
the reactor is performed immediately after the 
end of the introduction of the solid into the reactor 
and simultaneously with or immediately before 
the stopping of the introduction of gas into the 
feed enclosure. 

7. Process according to any one of Claims 1 to 6, 
characterised in that the solid is a catalyst for ole- 
fin polymerisation and the reactor is a gas phase 
polymerisation reactor containing a flu id ized-bed 
and/or a mechanically stirred-bed under a pres- 
sure from 0.1 to 5 MPa. 

8. Apparatus for introducing a solid into a reactor 
(14), the apparatus essentially consisting of a 
feed enclosure (7) comprising: 

- a means (4) for introducing the solid into the 
feed enclosure, 

- an outlet (9) connected to the reactor (14) 
through an injection pipe (10), 

- a means (11) making it possible to avoid a 
gravity flow of most of the solid present in 
the feed enclosure into the injection pipe 
(10), and 
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- an inlet of a gas introduction conduit (8) 
making it possible to suspend in the gas in- 
troduced the solid settled at rest in the feed 
enclosure (7) to form a solid suspension en- 
trained by the gas through the injection pipe 5 
(10) into the reactor (14). 

9. Apparatus according to Claim 8, characterised in 
that the inlet of the gas introduction conduit (8) is 
arranged in a such way that the solid settled at 10 
rest in the feed enclosure (7) is suspended in the 

gas by a swirling effect in the said feed enclosure. 

10. Apparatus according to Claim 9, characterised in 

that the gas introduction conduit (8) emerges tan- 1 5 
gentiaily to a wall of the feed enclosure (7). 
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